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Two species of parasitic nematodes, both associated with the Japanese 
clawed salamander Onychodactylus japonicus (Houttuyn, 1782) (Caudata: 
Hynobiidae), are treated in this paper. The first, Angiostoma onychodactyla 
Bursey and Goldberg, 2000 (Rhabditoidea: Angiostomatidae), is redefined as 
having an elliptical oral aperture without lips; double lateral alae; and male 
caudal papillae comprising nine pairs of pedunculate papillae, a single ses- 
sile papilla anterior to the anus, and two minute projections on the posterior 
anal lip. A new genus, Shunyanema, is established for Parapharyngodon 
japonicus Bursey and Goldberg, 1999 (Oxyuroidea: Pharyngodonidae). The 
new genus is characterized by the didelphic amphidelphic genital system, 
the vulva situated in the middle region of the body, and the anteriorly di- 
rected vagina in females; the absence of a V-shaped sclerotized structure 
supporting the genital cone in males; and the lack of an operculum and fila- 
ments in the eggs. Shunyanema japonicum comb. nov. is also redescribed 
and illustrated in detail. 

Key Words: Nematoda, Angiostomatidae, Pharyngodonidae, Shunyanema, 
new genus, new combination, redescription, parasite, salamander, Japan. 


Introduction 


The Japanese clawed salamander, Onychodactylus japonicus (Houttuyn, 1782) 
(Caudata: Hynobiidae) is an endemic amphibian of Japan (Sengoku et al. 1996). 
Helminthological studies of this salamander have been made since the 1930s 
(Wilkie 1930; Pearse 1932). In 1986 we reported two parasitic nematodes, The- 
landros sp. and Angiostoma sp., from specimens of this salamander collected in Hi- 
noemata, Fukushima Prefecture (Hasegawa and Uchida 1986), although formal pro- 
posal of new taxa was withheld because of the poor condition of the available speci- 
mens. Later, Bursey and Goldberg (1999, 2000) described Parapharyngodon japoni- 
cus Bursey and Goldberg, 1999 and Angiostoma onychodactyla Bursey and Gold- 
berg, 2000, both from O. japonicus collected in the same locality, Hinoemata. 

Because of the presence of nematodes of the same or closely-related genera in 
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the same host species from the same locality, we suspected that the two nematode 
species reported by Hasegawa and Uchida (1986), Thelandros sp. and Angiostoma 
sp., were conspecific with the two species described by Bursey and Goldberg (1999, 
2000), P. japonicus and A. onychodactyla, respectively, although there are consider- 
able differences between the respective descriptions. Recently we had an opportu- 
nity to examine parasitic nematode material collected from O. japonicus, in which 
two species are represented. Detailed examination of the newly obtained material 
and a comparison with the paratypes of the two species described by Bursey and 
Goldberg (1999, 2000) have confirmed the above supposition; furthermore, it has 
been found that the original descriptions of the two species contained mistakes or 
inaccuracies in some important characters. Herein we redescribe the two species 
based on our own specimens in order to understand their morphology more pre- 
cisely. In addition, a new genus Shunyanema is proposed for P. japonicus, because 
this species is distinct from any known species of Parapharyngodon. The relation- 
ships of the new genus to other pharyngodonid genera are discussed. 


Materials and Methods 


The newly obtained specimens were collected by Dr Takeshi Shimazu, Nagano 
Prefectural College, Nagano, Japan. They were fixed in hot 10% formalin solution, 
and preserved in the same solution. The specimens studied by us previously 
(Hasegawa and Uchida 1986) were also re-examined. All specimens were cleared in 
glycerol-alcohol solution by evaporation of ethanol, and mounted on glass slides in 
50% glycerol aqueous solution. They were observed under a Nikon light micro- 
scope with Nomarski interference contrast. Figures were made using a Nikon 
drawing tube. Measurements, with mean and range in parentheses, are given in 
micrometers unless otherwise stated. Voucher specimens have been deposited in 
the Meguro Parasitological Museum, Tokyo, Japan (MPM). 

The following specimens borrowed from the United States National Parasite 
Collection (USNPC) were also observed for comparative purposes: paratypes (7 
males and 8 females) of Angiostoma onychodactyla from Onychodactylus japonicus 
of Hinoemata, Fukushima, Japan, USNPC 88647; paratypes (2 males and 8 females) 
of Parapharyngodon japonicus from Onychodactylus japonicus of Hinoemata, 
Fukushima, Japan, USNPC 88240. 


Taxonomy 
Superfamily Rhabditoidea 
Family Angiostomatidae 
Angiostoma onychodactyla Bursey and Goldberg, 2000 
(Figs 1-10) 


Angiostoma sp.: Hasegawa and Uchida 1986: 141. 
Angiostoma onychodactyla Bursey and Goldberg, 2000: 60, figs 1-9. 


Material examined. Ten males and 10 females, host Onychodactylus japonicus 
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from Utsukushigahara, Matsumoto, Nagano Prefecture, Honshu Island, Japan, 3 
June 2003, collected by Takeshi Shimazu, MPM Coll. No. 18821; 9 males and 30 fe- 
males, host O. japonicus from Hinoemata, Fukushima, Japan, 25 May 1976, col- 
lected by Akihiko Uchida, MPM Coll. No. 18824. 

Redescription. Body soft, filiform. Sexual dimorphism not prominent. Cuticle 
with faint transverse striations. Double lateral alae present in both sexes, com- 
mencing anterior to nerve ring (Figs 1, 3, 7-9). Oral aperture elliptical, lacking lips 
(Fig. 2). Head papillae comprising of 6 inner and 6 outer circle papillae and 4 
cephalic papillae (Fig. 2). Amphidial pores close to lateral outer circle papillae 
(Fig. 2). Buccal cavity thick-walled (Fig. 1). Esophagus with posterior pseudobulb 
without valve (Fig. 1); nerve ring immediately anterior to pseudobulb. Excretory 
pore near level of esophago-intestinal junction; deirids round, slightly posterior to 
excretory pore (Figs 1, 4). 

Male (10 worms from MPM 18821). Subventral lateral alae terminating ante- 
rior to anus; subdorsal lateral alae terminating at anal level (Fig. 6). Body length 
4.31 (3.91-4.82) mm, width 98 (88-107) at midbody. Buccal cavity 13 (12-14) long by 18 
(16-20) wide including wall. Esophagus 308 (288-338) long, 24 (22-26) wide in corpus, 
18 (16-18) wide in isthmus, and 37 (34-45) wide in pseudobulb. Nerve ring 241 
(221-262), excretory pore 328 (294-381), and deirids 345 (310-422) from cephalic end. 
Caudal alae supported by 9 pairs of pedunculate papillae: first pair preanal, second 
to sixth pairs grouped just posterior to anus; seventh to ninth pairs, nearly equal- 
spaced, located in posterior half of tail; fifth and eighth pairs directed laterally 
slightly (Figs 5, 6). Unpaired sessile median papilla on anterior anal lip; pair of 
small projections on posterior anal lip (Figs 5, 6). Spicule well sclerotized, curved 
ventrally, 167 (156-180) long (Figs 5, 6). Gubernaculum oval, indented distally, 47 
(42-51) long (Fig. 5). Tail 88 (83-99) long. 

Female (10 worms from MPM 18821). Both subventral and subdorsal lateral 
alae terminating just posterior to anus (Fig. 9). Body length 5.41 (5.06-5.95) mm, 
width 117 (106-126) in midbody. Buccal cavity 13 (11-14) long by 19 (18-21) wide in- 
cluding wall. Esophagus 331 (304-871) long, 25 (24-26) wide in corpus, 19 (16-21) 
wide in isthmus, and 40 (37-45) wide in pseudobulb. Nerve ring 254 (237-266), excre- 
tory pore 339 (318-358), and deirids 356 (822-378) from cephalic end. Vulva in mid- 
body, 2.70 (2.56-2.94) mm from cephalic end. Amphidelphic; ovijector weakly devel- 
oped; anterior and posterior ovaries terminating near vulva (Fig. 8). Tail conical, 
200 (176-214) long, often with 2 terminal tubercles (Fig. 9). Eggs in uteri ellipsoidal, 
thin-shelled, 64-83 by 34-49, containing morula-stage embryos at deposition. Eggs 
excised from uteri ellipsoidal, 78-86 by 44-46 (Fig. 10), shell with short, thickened 
bar on one pole. 

Host. Japanese clawed salamander, Onychodactylus japonicus. 

Site of infection. Small intestine and stomach. 

Distribution. Hinoemata, Fukushima, Honshu Island, Japan; Utsukushiga- 
hara, Matsumoto, Nagano Prefecture, Honshu Island, Japan. 

Remarks. The presence of a species of Angiostoma in Onychodactylus japoni- 
cus from Hinoemata, Fukushima Prefecture, was first reported by Hasegawa and 
Uchida (1986). Later, Bursey and Goldberg (2000) described a new species, A. ony- 
chodactyla, from O. japonicus collected in the same locality. Reexamination of the 
specimens referred to Angiostoma sp. by Hasegawa and Uchida (1986) has shown 
that they represent A. onychodactyla; however, there are discrepancies in some im- 
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Figs 1-10. Angiostoma onychodactyla Bursey and Goldberg, 2000, non-type, MPM Coll. No. 
18821, from the Japanese clawed salamander, Onychodactylus japonicus. 1, Anterior portion 
of male, right lateral view; 2, cephalic end of male, apical view; 3, cross section in midbody of 
male; 4, esophago-intestinal junction area of male, ventral view; 5, posterior end of male, ven- 
tral view; 6, posterior end of male, right lateral view; 7, lateral alae in cross section of female 


midbody; 8, vulval region, right lateral view; 9, posterior end of female, right lateral view; 10, 
egg excised from uterus. 
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portant characters between the original description of A. onychodactyla and our 
own specimens. Bursey and Goldberg (2000) defined A. onychodactyla as having 
three oral lips and lacking lateral alae. The lips figured in the original description 
are in the form of slender projections, thus being quite unusual as lips, because in 
other species of Angiostoma the oral aperture is round or subtriangular and lacks 
lips (cf. Morand 1986; Morand and Spiridonov 1989; Morand and Barker 1995). Our 
observation of the paratypes of A. onychodactyla revealed the same morphology of 
oral structure and double lateral alae as redescribed above. Bursey and Goldberg 
(2000) did not mention the thick wall of the buccal cavity, paired small projections 
on the posterior anal lip, preanal pedunculate papillae, and deirids, which are 
often observed in Angiostoma spp. (cf. Morand 1986; Morand and Spiridonov 1989; 
Morand and Barker 1995). Presence of these structures was readily confirmed by 
our observation of the paratypes. 


Superfamily Oxyuroidea 
Family Pharyngodonidae 
Shunyanema gen. nov. 


Diagnosis. Sexual dimorphism prominent. Cephalic end with 3 lips, 6 labial 
papillae, and 4 cephalic papillae. Amphids not elevated on surface. Buccal cavity 
rudimentary. Esophagus with posterior bulb with sclerotized valve. Polymor- 
phism present in males. Genital papillae of male consisting of anterior group 
around anus and posterior pair on tail. Male tail not reduced to slim appendage, 
and directed almost parallel to longitudinal axis of body. Posterior anal lip of male 
lacking V-shaped sclerotized structure; 3 pairs of small papillae around anus, 1 of 
which situated laterally; spicule simple. In females, vulva in middle region of 
body; vagina directed anteriorly. Didelphic, amphidelphic. Eggs without opercu- 
lum and filaments. Parasitic in amphibians. 

Type species. Parapharyngodon japonicus Bursey and Goldberg, 1999, present 
designation, by monotypy. 

Composition. Only the type species. 

Etymology. The generic name is dedicated to the late Mr Shunya Kamegai, 
former director of the Meguro Parasitological Museum, Tokyo, Japan. Gender: 
neuter. 

Remarks. Our study has revealed that Parapharyngodon japonicus differs 
from all known congeneric species, all of which have a prodelphic genital system 
in females, thus warranting the establishment of a new genus for the former 
species. Shunyanema appears rather close to Ataronema Hasegawa, 2005, 
Cithariniella Khalil, 1964, Mehdiella Seurat, 1918, Parathelandros Baylis, 1930, Skr- 
jabinodon Inglis, 1968, Spauligodon Skrjabin et al., 1960, and Synodontisia Petter 
et al., 1972 in having an amphidelphic genital system in females. However, the new 
genus is easily distinguished from Ataronema, Parathelandros, Skrjabinodon, and 
Spauligodon by the vulva opening in the midbody (cf. Skrjabin et al. 1960; Inglis 
1968; Bursey et al. 1997; Hasegawa 2005); from Cithariniella and Synodontisia in 
having amphids not jutting prominently and non-filamented eggs (Petter et al. 
1972; Anderson and Lim 1996); and from Mehdiella by lacking a well-developed, 
V-shaped, sclerotized structure supporting the posterior anal lip in males (Petter 
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and Quentin 1976). Bursey and Goldberg (1999) stated that the eggs of their Para- 
pharyngodon japonicus were operculate, but the supposed operculum appears to be 
nothing more than a slightly thinner portion of the shell near the pole, a condition 
that is clearly different from the operculum with a distinct rim found in the eggs of 
other species of Parapharyngodon (Adamson 1981). 


Shunyanema japonicum (Bursey and Goldberg, 1999), comb. nov. 
(Figs 11-22) 


Thelandros sp.: Hasegawa and Uchida 1986: 141. 
Parapharyngodon japonicus Bursey and Goldberg, 1999: 181, figs 1-6. 


Material examined. Five males and 10 females, host Onychodactylus japoni- 
cus from Hinoemata, Fukushima, Japan, 25 May 1976, collected by Akihiko Uchida, 
MPM Coll. No. 18822, and 17 June 2003, collected by Takeshi Shimazu, MPM Coll. 
No. 18823. 

Redescription. With the generic characters defined above. Body minute. Cuti- 
cle with coarse transverse striations. Cephalic papillae with irregular contour 
(Fig. 18). Nerve ring at posterior portion of corpus (Figs 10-13, 17, 20); excretory 
pore posterior to esophago-intestinal junction. 

Male. Three morphs are recognized. 

Morph I (8 worms). Lateral alae prominent, 19 wide in midbody, commencing 
at level of nerve ring, terminating anterior to anus (Figs 11, 14). Body length 0.98 
(0.94-1.06) mm, width 101 (95-106) at midbody. Esophagus 214 (195-230) long, 22 
(19-26) wide in corpus, 15 (15-16) wide in isthmus, and 41 (39-42) wide in bulb. 
Nerve ring 163 (138-179), excretory pore 269 (266-272) (n=2) from cephalic end. Cau- 
dal alae absent; 4 pairs of sessile caudal papillae, i.e., 1 pair preanal, 1 pair adanal, 
and 2 pairs postanal (Fig. 14). Spicule widened at middle, sharply pointed distally, 
49 (45-54) long (Fig. 14). Body narrowed posterior to anus to form long, conical tail 
of 36 (8240) long (Fig. 14). 

Morph II (1 worm). Lateral alae narrow, 6 wide in midbody, commencing at 
level of nerve ring, terminating anterior to anus (Fig. 12). Body length 1.11 mm, 
width 80 at midbody. Esophagus 224 long, 21 wide in corpus, 14 wide in isthmus, 
and 40 wide in bulb. Nerve ring 165, excretory pore 286 from cephalic end. Caudal 
alae absent; 4 pairs of sessile caudal papillae, i.e., 1 pair preanal, 1 pair adanal, and 
2 pairs postanal (Fig. 15). Spicule widened at middle, sharply pointed distally, 40 
long (Fig. 15). Tail tapering gradually, 42 long (Fig. 15). 

Morph III (1 worm). Lateral alae absent. Body length 0.59mm, width 93 at mid- 
body (Fig. 13). Esophagus 144 long, 20 wide in corpus, 14 wide in isthmus, and 35 
wide in bulb. Nerve ring 85, excretory pore 138 from cephalic end. Caudal alae ab- 
sent; perianal region with many round formations of irregular size. Spicule 
widened at middle, sharply pointed distally, 50 long (Fig. 16). Tail tapering gradu- 
ally, 58 long (Fig. 16). 

Female (10 worms). Lateral alae absent. Body length 2.92 (2.13-4.17) mm, width 
323 (230-462) in midbody (Figs 17, 20). Esophagus 416 (358-449) long, 42 (35-51) wide 
in corpus, 30 (26-37) wide in isthmus, and 90 (80-107) wide in bulb. Nerve ring 234 
(208-253), excretory pore 703 (509-891) from cephalic end. Vulva slightly posterior 
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Figs 11-16. Shunyanema japonicum (Bursey and Goldberg, 1999), comb. nov., non-type male, 
from the Japanese clawed salamander, Onychodactylus japonicus. 11, 14, Morph I, MPM Coll. 
No. 18823; 12, 15, morph II, MPM Coll. No. 18823; 13, 16, morph III, MPM Coll. No. 18822. 11-13, 
Entire worm, left lateral (11) or right lateral (12, 13) views; 14-16, posterior end, right lateral 
view. 


to midbody, 1.77 (1.29-2.34) mm, i.e., 60 (56-64) % of worm length, from cephalic end 
(Figs 17, 20). Vagina directed anteriorly; anterior branch of uterus connected to 
short anterior oviduct at level posterior to excretory pore; anterior ovary directed 
posteriorly and ending slightly anterior to anus; posterior branch of uterus con- 
nected to short posterior oviduct at level anterior to anus, terminating near level 
of anterior oviduct (Fig. 19). Tail conical, narrowed abruptly and forming pointed 
end, 145 (122-191) long (Figs 17, 20, 21). Eggs in uteri ellipsoidal, flattened on one 
side, light yellow in color, mean 98+5SD (90-110) by 36+2 (32-40) (n=50), contain- 
ing 1- or 2-cell-stage embryos at deposition (Fig. 22). Egg shell finely pitted on sur- 
face, with slightly thinner portion apically (Fig. 22). 

Host. Japanese clawed salamander, Onychodactylus japonicus. 

Site of infection. Small intestine. 

Distribution. Hinoemata, Fukushima Prefecture, Honshu Island, Japan. 

Remarks. Male polymorphism is often observed in pharyngodonids (cf. 
Chabaud and Golvan 1957; Ainsworth 1990). Usually the polymorphism is observed 
in the lateral alae and spicules whereas the arrangement of the genital papillae is 
rather stable. Male polymorphism of the present species was previously noticed by 
Hasegawa and Uchida (1986). The males described by Bursey and Goldberg (1999) 
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Figs 17-22. Shunyanema japonicum (Bursey and Goldberg, 1999), comb. nov., non-type female, 
from the Japanese clawed salamander, Onychodactylus japonicus. 17-19, 21, 22, MPM Coll. No. 
18823; 20, MPM Coll. No. 18822. 17, Whole body of gravid worm, left lateral view; 18, cephalic 
end, apical view; 19, genital system, left lateral view; 20, full-grown worm, left lateral view; 21, 
posterior end, left lateral view; 22, eggs. 


correspond to male morph I recognized in the present study in having wide lateral 
alae. The morph III male is a very peculiar form in its having many round forma- 
tions of irregular size around the anus, but no genital papillae. This might repre- 
sent an aberrancy rather than a morph. 

The present worms are thinner than those of the type series described by 
Bursey and Goldberg (1999): width 115-153 in males with length of 0.62-1.17 mm; 
width 306-714 in females with length of 1.82-3.25mm. However, our own observa- 
tion of the paratypes revealed that those worms had been much flattened presum- 
ably due to coverslip pressure, resulting in a thicker than natural appearance. 

The presence of oxyuroid nematodes in Onychodactylus japonicus was first no- 
ticed by Wilkie (1930), who suggested their affinity to the genus Pharyngodon. 
Pearse (1932) also recorded Pharyngodon sp. from O. japonicus. Neither of these au- 
thors gave a morphological description. We surmise that their worms are likely to 
have been Shunyanema japonicum because this species is rather common and no 
other oxyuroids have been identified from this salamander (cf. Hasegawa and 
Uchida 1986; Bursey and Goldberg 1999). 
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Discussion 


Eight species of Angiostoma are parasitic in terrestrial gastropods (Morand 
and Barker 1995; Van Luc et al. 2005), while three species have been known from 
amphibians: Angiostoma plethodontis Chitwood, 1933 from salamanders, Plethodon 
cinereus (Green, 1818) and P. richmondi Netting and Mittleman, 1938, in North 
America; Angiostoma chabaudi (Cruz and Santiapillai, 1982) from caecilians, 
Ichthyophis spp., in Sri Lanka; and Angiostoma onychodactyla from Onychodacty- 
lus japonicus in Japan (Chitwood 1933; Cruz and Santiapillai 1982; Bursey and 
Goldberg 2000; Emery and Joy 2000; Kiontke and Sudhaus 2000). The presence of 
adult nematodes of a single genus in both mollusks and amphibians had been re- 
ported also for Cosmocercoides (cf. Adamson 1986). It was first mistakenly reported 
that Cosmocercoides dukae (Holl, 1928) is parasitic both in mollusks and anurans 
(cf. Anderson 1960), but later it was proven that the occurrence of C. dukae in anu- 
rans is accidental parasitism acquired by ingestion of infected mollusks (Bolek 
1997; Anderson 2000). 

Adamson (1986) suggested that the presence of Angiostoma plethodontis in the 
mentioned salamanders is also accidental parasitism resulted from ingestion of in- 
fected snails by the amphibian. However, A. plethodontis was found relatively com- 
monly in Plethodon richmondi (prevalence 29.4%; Emery and Joy 2000). Associa- 
tion of Angiostoma onychodactyla with Onychodactylus japonicus is also often ob- 
served (prevalence 24%; Bursey and Goldberg 2000), although the salamander does 
not feed on snails (Pearse 1932). Moreover, Cruz and Santiapillai (1982) considered 
that parasitism of Angiostoma chabaudi in Ichthyophis spp. was not accidental. 
Hence it is surmised that Angiostoma has two lineages, which have adapted am- 
phibians and mollusks respectively as hosts. DNA sequence analysis of Angios- 
toma spp. may be necessary to prove whether those in amphibians form a distinct 
clade from those in mollusks. 
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